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PRELIMINARY MSFN ERROR ANALYSIS

FOR AS-504A
By Paul H. Mitchell
SUMMARY

A theoretical error analysis of simulated observations by the
Manned Space Flight Network (MSFN) was performed to ascertain the
expected accuracies of the real-time orbit determination solutions at
particular. times during the AS-50L4A mission. The expected accuracies
are presented at times immedistely prior to all maneuvers except
attitude control maneuvers and at other times of interest during the
translunar, lunar parking orbit, and transearth phases.

_ The predicted accuracies (3-0) at times of particular interest
are: 3.1 n, mi. in position and 21.3 fps in velocity at translunar
injection, 5.9 n. mi. in position and 27.6 fps in velocity at lunar
orbit insertion, 1.5 n. mi. in position and 10.5 fps in velocity

at powered descent to the lunar surface, 0.9 n. mi. in position and
6.2 fps in velocity at IM-CSM intercept, 0.6 n. mi. in position and
3.9 fps in velocity at transearth injection, and O.4 n. mi. in
position and 7.5 fps in velocity at reentry.

INTRODUCTION

The purpose of this internal note is to present the accuracies
that can be expected for real-time orbit determination during the
" AS-504A mission (ref. 1) The accuracies that are presented were
computed by a linear error analysis program that simulates a
weighted least squares filtering technique.

The simulated observations were assumed to be obtained from
various MSFN tracking stations. In numerous cases throughout the
mission several tracking stations simultaneously viewed the vehicle.



When this occurred either one or three of the tracking stations, de-
pending on the phase of the mission, was chosen to track the vehicle.
The criteris employed to select the tracking station was based on the
results of previous analyses which have shown that through a judicious
choice of stations a certain geometric advantage can be gained that will
improve orbital accuracies. However, along with the geometric consid-
erations, it was necessary to consider the length of the view period

of the available stations in order to prevent switching stations during
or close to critical maneuvers.

Procedures for the selection of stations during the earth orbit
phase were well established through past experience and will not be
discussed here. During the translunar and transearth phases when only
one station at a time was required to track the vehicle, a geometric
advantage was gained by frequent switching (every 3 to 5 hours) of
tracking assignments among the available stations. In operations in
the vicinity of the moon, when three stations were required to track
the vehicle simultaneously, a geometric advantage was gained by
selecting stations that have maximum north-south and east-west separation.

The simulated tracking data were assumed to be affected by noise,
biases, and station location uncertainties. Also, an uncertainty in
the gravitational constant of the reference body (earth or moon) was
considered. In the earth parking orbit phase, an uncertainty in the
acceleration due to drag and venting wes considered.

For all of the analysis it was assumed that the real-time orbit
determination scheme solved for three components of position, three
components of velocity, and, when three-way Doppler measurements were
taken, the bias on the three-way Doppler data.

Acknowledgments are made to Samuel 0. Mayfield and Larry Bonin
who contributed to this document.

SYMBOLS
ANT Antigua
ASC Ascension Island
BDA Bermuda Island
CDH constant delta height (coelliptic) maneuver

CNB Canberra




CNV

CRO

CsI

CSM

CYI

EGL

Eo1

EPO

ESOI .

GBI

GST

GUA

GYM

G&N

HAW

LoI

LPO

IS0I

MCC

MSFN

Cape Kennedy, Florida
Carnarvon, Australia
coelliptic sequence initiation
command and service modules
Grand Canary Island

Fglin Air Force Base, Florida
earth orbit insertion

earth parking orbit

earth's sphere of influence
Grand Bshama Island
Goldstone, California

Guam

Guaymas , Mexico

guidance and navigation
Kauai, Hawaii

lunar module

lunar orbit insertion

lunar parking orbif

lunar sphere of influence
Madrid, Spain

midcourse correction

Manned Space Flight Network




ODP
RSS
RTCC
S-IVB
TE
TEI
TEX
TL
TLI
TPI
T&D

USB

orbit-determination program
root sum squared

Real-~Time Computer Complex
Saturn IV booster
transearth

transearth injection
Corpus Christi, Texas
translunar

translunar injection
terminal phase initiation
transposition and docking

unified S-~band




ERROR MODEL

The error model assumptions made in this analysis are presented
in tables I and II and agree with those in reference 2. The uncertainty
in the acceleration due to drag results from assuming a 10 percent
uncertainty in the density of the 1962 Standard Atmosphere. The
uncertainty in the acceleration due to venting results from assuming
a 1.0-1b uncertainty in the force exerted by venting.

The execution errors for TLI, LOI, and TEI burns were determined
by propagating the covariance matrix through the burn. Propagation of
the covariance matrix, which was computed from the MSFN tracking data
prior to the burn, was done with a computer program which considers
accelerometer biases and scale factors, platform misalignment and drift,
specific impulse of engine, mass, mass flow, and tail-off errors.

MSFN DESCRIPTION FOR AS-50LA

The tracking stations and their equipment used in this analysis
are listed in table I. The measurements made by the C-band radars
were range, azimuth angle, and elevation angle. These radars were
used only during the earth parking orbit phase.

Two types of USB-stations will be available for AS-504A, those

having 30- and 85-ft antennas. Two basic modes of operation are available,

the two-way and three-way modes. In the two-way mode, one station both
transmits and receives the signal and is designated a primary station.
In the three-way mode, only the primary station transmits the signal,
and the secondary station receives the signal. Three-way Doppler may
be obtalned by more than one secondary station at the same time the
primary station is receiving two-way Doppler (ref.2).

In this analysis, when three-way Doppler data were obtained, the
primary station was alwasys a station having an 85-ft antenna. 1In
addition to Doppler data, range and x, y angle data can be obtained
from the USB-stations.




DESCRIPTION OF ANALYSIS AND DATA UTILIZATION

The accuracy of real-time orbit determination scolutions is presented
for particular times of interest during the AS-50LA mission. However,
it is pointed out that the results are theoretical and are highly de-
pendent on the assumed accuracies of the MSFN tracking instrumentation.
For this analysis, the mission will be broken into five phases; earth
parking orbit, translunar, lunar parking orbit, IM operations, and
transearth.

Earth Parking Orbit Phase

The analysis in this phase consisted of the simulation of C-band
tracking data, range and angles, where observations were taken every
6 seconds during radar view periods when the spacecraft was 5° above the
horizon. Range-rate and angles were taken by the USB-stations at the
same rate as the C-band data. The last station (Carnarvon) to view the
vehicle prior to translunar injection was the command station which
updated the onboard estimate of the state vector. Consequently, the
command stations data were not considered in the reported solution. The
covariance matrix determined from the earth orbit tracking data was
propagated through the translunar burn. The propagated covariance matrix
was then used as a priori knowledge for the initiation of the translunar
phase.

Translunar Phase

The conditions at the initiation of transposition and docking were
computed from two-way Doppler data taken by Hawaii (2-8 min) and
Goldstone (8-15 min) at 6 second intervals. The two-way mode was used
throughout the remainder of this phase. Two-way Doppler data were
obtained at a rate of one observation per minute. In addition to the
Doppler data, range measurements were made each hour from Goldstone,
Madrid, Canberra, and Guam during the times these stations were
tracking. No data were taken following lunar occultation. The cov-
ariance matrix at lunar deboost was based on the accumulated tracking
data and propagated through the deboost burn. The propagated covariance
matrix was then used as a priori knowledge at the initiation of the lunar
parking orbit phase.

Lunar Parking Orbit Phase
During the first pass in front of the moon, two secondary stations

(Antigua, Hawaii) tracked in the three-way mode, and Goldstone tracked
in the two-way mode teking Doppler measurements at the rate of one




measurement every 6 seconds. The two-way mode was used for the remainder
of this phase with Doppler data being taken at a rate of one observation
per minute. This phase terminates at transearth injection.

The covariance matrix determined from the lunar parking orbit data
was propagated through the transearth injection burn. The propagated
covariance matrix was then used as a priori knowledge for the transearth
phase.

IM Operations Phase

This phase begins at CSM-LM separation and ends at LM-CSM intercept.
One primary and two secondary USB stations simultaneously tracked the
IM during those periods that it was visible to the earth. Each station
obtained Doppler data at the rate of one observation every 6 seconds.

The error analysis of the descent portion of the LM operations
begins at CSM-IM separation and ends at the initiation of the powered-
descent maneuver. The error analysis of the ascent portion begins at
ascent burnout where it is assumed that there is no a priori knowledge
of the position and velocity of the IM.

Each maneuver executed by the IM, except powered descent and launch
from the lunar surface, was assumed to be impulsive. Also, it was
assumed that there was an execution error of 1.0 fps in each component
of the velocity.

It was assumed that there would be a voice update of the IM guidance
computer prior to each of the maneuvers. Consequently, tracking was
terminated 10 minutes prior to the maneuvers in order to allow time
for the orbit-determination process and a voice update. For maneuvers
that occurred behind the moon, tracking was terminated 10 minutes
prior to lunar occultation.

Transearth Phase

Three USB-stations simultaneously tracked the CSM for the first
20 hours of the transearth phase. The two-way mode was utilized for
the remainder of the phase. Both two-way and three-way Doppler data
were obtained at a rate of one observation per minute throughout the
transearth phase. In addition to the Doppler data, range measurements
were taken by all primary stations at a rate of one observation per
hour.



The solution computed at the end of tracking, when the vehicle was
below 5° elevation and in the vicinity of Guam, was propagated to the
nominal time of entry into the earth's atmosphere, which corresponds
to epproximately 400 000-ft altitude.

Although the errors assumed for the three-way Doppler biases were
solved for, the errors assumed in the other biases and constants affecting
the tracking data were not solved for during any phase of the mission.

Table III contains the tracking stations whose data were used in
this analysis along with the view periods during which the stations
were tracking. The occultation cycle was computed for the lunar parking
orbit, and tracking was terminated during the occultation times.
Approximately T2 minutes of data were accepted during each revolution
of the CSM. The amount of data included in the IM tracking accuracy
solutions varied for each maneuver and was based on G&N update and
maneuver times.

ERROR ANALYSIS RESULTS

The results of this error analysis are plotted as a function of
time from the beginning of each phase. The results consist of local
RSS position and velocity uncertainties and represent 3-0 values of the
uncertainty in the parameters based on MSFN tracking data.

The tracking coverage utilized in the study is plotted against the
same time scale as the position and velocity accuracies. Thus, orbital
accuracies are plotted as a function of tracking time and of MSFN
tracking coverage.

The results of this analysis are summarized in table IV. Included
in the table are the uncertainties in the components of position and
velocity, réspectively, at the initiation of the specified event. In

addition to the components, the uncertainity in RSS position and velocity
‘are presented where: -

o, = the standard deviation in altitude
oy = the standard deviation in the downrange component of position
0 = the standard deviation in the out-of-plane component of position




oi, g*, d° = the standard deviation in altitude, downrange, and
y out-of-plane components of velocity, respectively

1/
op = (ox2 + oyz + ozz) 2 = RSS of standard deviations in position
2 2 21/2 s e . .
S (ci + c& + Ui ) = RSS of standard deviations in velocity

The covariance matrices describing the accuracy of the RTCC orbit-
determination program solutions at various times in the mission are
included in the Appendix.

Table V contains the covariance matrices used as a priori knowledge
at the initiation of the translunar, lunar parking orbit, and transearth
phases. These covariance matrices were obtained by propagating the
premaneuver covariance matrices through the TLI, LOI, and TEI burns,
respectively.

In addition to these results, the reader is referred to
reference 3 in which general error analysis studies for the AS-504A
mission are reported.

Earth Parking Orbit Phase

The earth parking orbit resulted from a 72° launch azimuth and was
terminated at TLI subsequent to the second pass over Carnarvon, Australia.

The error analysis results for this parking orbit (fig. 1 and 2)
are consistent with those reported in reference 4 for the T72° launch
azimuth, second Pacific injection, and positive lunar declination case.
By comparing the present results at TLI to those in reference U4, it can
be seen that they are among the best cases from the standpoint of lunar
declination (launch date) but are among the worst cases from the stand-
point of launch azimuth and injection position. The uncertainty in
the position vector is dominated by the uncertainty in the downrange
component (oy) and in velocity by the radial component (ci). The

major cause of the comparatively large uncertainty in these two components
is the uncertainty in acceleration due to venting.
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Translunar Phase

The results for this phase are in close sasgreement with those re-
ported in reference 5 even though the declination of the moon differs
by about 30° for the trajectories considered in the two studies.
(References 1 and 5 present ground tracks of these trajectories.) This
indicates that the orbital accuracies for the translunar phase of the
Apollo mission are not strongly dependent on the date of the mission.

Figure 3 shows that the uncertainty in position tends to rise
sharply during the first 10 to 12 hours after injection and to decrease
rapidly during the last 3 to 4 hours prior to pericynthion arrival.
Figure L4 shows that the uncertainty in velocity initially decreases and
then increases just prior to pericynthion. The uncertainties in both
position and velocity are mainly in the out-of-plane components
(oz and Oé) throughout the entire translunar phase.

Lunar Operations

The analysis for the lunar operations phase considers MSFN tracking
of the CSM in lunar parking orbit and of the IM in free-flight descent
and ascent.

The figures for this phase consist of a plot of the uncertainties
in position (fig. 5) and velocity (fig. 6)of the CSM during the times
the IM is descending and ascending. That is, the CSM orbital
uncertainties are not shown during the time the IM is on the lunar
surface.

The IM position and velocity uncertainties for the nominal times
of the descent and ascent maneuvers are also given as discrete entries
on figures 5 and 6. Two entries are made for the IM tracking
accuracies at each maneuver time. One of the entries represents the
3-0 uncertainty associated with a IM update vector based on MSFN tracking
data taken 10 minutes prior to the maneuver or occultation time and
propagated to the nominal time of the maneuver. The second entry is
also referenced to the nominal time of the maneuver but includes MSFN
tracking dasta up to the maneuver or occultation time.

It is pointed out that a judicious use of 3-way Doppler data would
improve the CSM orbital accuracies, especially in the out-of-plane
components. This is indicated by the solutions at terminal phase initia-

tion where the IM orbit (based on 3-way data) is known better than the
CSM orbit (based on 2-way data).
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The .uncertainties in position and velocity are dominated by the
uncertainties in the out-of-plane components. That is, the uncertainties
in the down-range and radial components are, in general, less than
10 percent of the total position and velocity uncertainties. Inspection
of figures 5 and 6 shows that both position and velocity uncertainty
plots roughly resemble a sinusoidol curve. It seems that the position
is best known at the times when the vehicle's direction of motion is
approximately perpendicular to the line of sight to the earth and is
least known when the diréction of motion is approximately parallel to
the line of sight. While this seems to be true of position, the converse
‘appears to hold for the uncertainty in velocity.

Transearth Phase

Figures 7 and 8 contain the plots of position and velocity
uncertainties versus tracking time from transearth injection.

The characteristics of the position and velocity uncertainities

for the transearth and translunar phases are similar in that Oposition
approaches a minimum near the dominating body of attraction, earth or

moon, and ovelocity approaches & maximum near the attracting body.

CONCLUSIONS

‘1. The best orbit determination accuracy noted in the earth parking
orbit occurs subsequent to the second pass over Bermuda at which time
the 3-0 uncertainties in position and velocity are 0.3 n. mi. and
2.2 fps, respectively.

2. Assuming the last tracking station to view the vehicle prior
to TLI (Carnarvon) is used purely as a command station the 3-0 uncertainties
in position and velocity at TLI are 3.1 n. mi. and 21.3 fps, compared
to 1.5 n. mi. and 11.0 fps, respectively, if the Carnarvon data are
included in the error analysis solution.

3. The 3-0 uncertainties in position and velocity lie between the

bounds 12t2.5 n. mi. and 0.5%0.25 fps, respectively, during most of the
translunar phase.
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L. The 3-0 uncertainties in position and velocity at the naminal
time of pericynthion, computed 25 minutes prior to perciynthion arrival,
are sbout 6.0 n. mi. and 27.5 fps of which about 2.0 n. mi. and T fps
are in plane and the remainder is out of plane.

5. The 3-0 uncertainties in position and velocity of the CSM in
lunar parking orbit levels off to less than 0.5 n. mi. and 2 fps
(0.05 n. mi. and 0.2 fps in plane) as lower bounds, and 2.0 n. mi. and
5.0 fps (0.1 n. mi. and 1.0 fps in plane) as upper bounds. These bounds
are approached at approximately 90° intervals, and the uncertainty in
velocity approaches a minimum as the uncertainty in position approaches
a maximum and vice versa.

6. At the nominal time of TEI, the CSM position and velocity can
be known to within an accuracy of 1.0 n. mi. and 4 fps (3-0).

7. The IM state vectors, computed 10 minutes prior to each maneuver,
can be determined from MSFN tracking data to within a 3-0 accuracy of
2.0 n. mi. and 10.0 fps (1.0 n. mi. and 5.0 fps in plane) at the times
of Hohmann transfer, powered descent, CSI, TPI, MCC, and intercept
maneuvers.

8. The CDH maneuver occurs at a time when the IM is occulted by
the moon, and the IM state vectors can be determined at this time to

a 3-0 accuracy of about 5.0 n. mi. in position and 26.4 fps in velocity.

9. The position and velocity of the CSM in the return to earth
phase are poorly determined from MSFN tracking data while it is in the
ISOI. However, prior to leaving the LSOI the uncertainties in both
position and velocity begin to improve considerably. '

10. The 3-0 uncertainties in position and velocity at the nominal
time of reentry into the earth's atmosphere are less than 1.0 n. mi.
and 8.0 fps (about 0.4 n. mi. and 2.0 fps in plane), respectively.
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TABLE I. - TOPOCENTRIC STATION
LOCATION UNCERTAINTIES (lo)

station | ype of saaws | ML, | Torth-South | Tasttest
ANT FPQ-6,30'USBS 137.8 116.4 111.6
ASC TRQ-18,30'USBS 105.0 351.7 344.9
EDA TPQ-6,30'USBS 141.1 120.1 121.6
CNB 85'USBS 216.5 182.3 192.5
CNV FPS-16,30'USBS 131.2 107.1 101.4
CRO .| FPQ-6,30'USBS 216.5 202.6 192.6
CYI MPS-26 105.0 458,3 466.3
EGL FPS-16 131.2 105.1 101.4
GBI TPQ-18 134.5 108.9 101.4
GST 85'USBS 131.2 99.4 111.5
GUA 30'USBS 105.0 651.0 649.2
GYM 30'USBS 134.5 107.6 101.4
HAW FPS-16,30'USBS 41,1 15045 142.0
MAD 85'USBS 1.1 92.8 101.3
PAT FPS-16 131.2 107.3 101.4
TEX 30'USBS 131.2 97.0 101.h




TABLE II. - DATA CHARACTERISTICS (1lc0)%

Angle, m. rad. Range, ft Renge rate, fps
System
Noise Bias Noise Bisas Noise® | Bias
MPS-26 1.0 2.0 60 120 - -
FPQ- 6 0.15 0.3 20 Lo - -
TPQ-18 0.2 0.4 30 60 - _—
FPS-16 0.2 0.4 30 60 - -
USBS 30 0.8 1.6 30 60 €0.12 | ©p.03
dg.22 | do.2
USBS 85 0.8 1.6 30 60 | Co.12 4.03
a
Uncertainties:

1-0 gravitational uncertainty of earth, o, = 1.06 x lOllftB/sec2
e

2
1-0 gravitational uncertainty of moon, oum = T.1 x lo9ft3/sec
- 2
1-0 drag acceleration uncertainty, o =1.465 x 10 6 ft/sec
d

where 8, is the acceleration due to drag.

1-0 venting accelerstion uncertainty, Oa = 1,143 x lO-)+ ft/sec2
v
where a, is the ascceleration due to venting.
bBased on l-second sampling
“Mwo-way doppler, o(fl)
dThree-way doppler, O(fl+f2)
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TABLE IIT.- TRACKING STATIONS VIEW PERIODS

Acquisition Termination
Station geeotos, geests, Event
day:hr:min:sec dayshr:min:sec
BDA 0:00:11:14 0:00:11:31 EOI
CcYI 0:00:17:49 0:00:22:19
CRO 0:00:53:49 0:00:56:49
CNB 0:01:01:25 0:01:03: 4k
WHS 0:01:32:37 0:01:37:07
CNV 0:01:36:31 0:01:40:55
CRO 0:02:26:49 0:02:30:49
HAW 0:02:47:53 0:02:53:28 TLI
GST 0:02:53:28 0:04:45:11 T&D
MAD 0:0k4:45:11 0:06:05:11 TL MCC
GST 0:06:05:11 | 0:08:45:11 TL Coast
GUA 0:08:45:11 0:11:45:11
CNB O:1l:45:11 0:13:45:11
HAW 0:13:45:11 0:16:45:11
CNB 0:16:45:11 0:18:45:11
MAD 0:18:45:11 0:22:45:11
ASC 0:22:45:11 1:01:45:11
ANT 1:01:45:11 1:04:45:10
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TARLE III.- TRACKING STATIONS VIEW PERIODS - Contilnued

Acquisition Termination
Station g.e.t., g.€eto., Event
day:hr:min:sec dey:hr:min:sec

GST 1:04k:45:11 1:08:45:11

HAW 1:08:45:11 l:11:45:11

CNB 1:11:45:11 1:16:45:11

GUA 1:16:45:11 1:20:05:11

MAD 1:20:05:11 1:23:45:11

AsC - 1:23:45:11 2:02:45:11

ANT 2:02:45:11 2:05:45:11

GST 2:05:45:11 2:09:45:11

HAW 2:09:45:11 2:12:45:11

CNB 2:12:45:11 2:17:45:11

GUA 2:17:45:10 2:20:45:11

MAD 2:20:45:11 3:00:45:11 TL MCC (1SO0I)
AsC 3:00:L45:11 3:02:45:11

MAD 3:02:45:11 3:04:25:11

MAD 3105125145 3:06:35:45 10T
Asc 3:05:25:45 3:06:35:45

EDA 3:05:25:45 3:06:35:45

GST 3:06:35:45 3:12:22:45
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TABLE JTII.- TRACKING STATIONS VIEW PERIODS - Continued

Acquisition Termination
Station g.eet,, ge2ote, Event
day:hr:min:sec day shr:min:sec
CNB 3:12:22:45 3:20:00:45
MAD 3:20:00:45 4:12:06:45
GST 4:12:06:45 4:15:10:45
CNB 4:15:10:45 4:19:33:45
MAD 4:19:33:45 L2234l L5 TET
CNB 3:12:22:45 3:12:40:45 Hohmann transfer
GUA 3:12:22:45 3:12:40:45
CRO 3:12:22:45 3:12:40:45
CNB 3:13:32:18 3:13:51:18 Powered descent
GUA 3:13:32:18 3:13:51:18
CRO 3:13:32:18 3:13:51:18
CNB h:lh:3kh:35 4:15:02:59 CSI
GUA h:lh:3L:35 4:15:02:59
CRO Lelh:34:35 4:15:02:59
CNB 4:15:03:06 4:15:12:00 CDH
GUA k+15:03:00 4:15:12:00
CRO 4:15:03:00 4s15:12:00
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TABIE III.- TRACKING STATIONS VIEW PERIODS - Continued
Acquisition Termination
Station ge€ebos, ge€ole, Event
day:hr:minssec day thr:minssec

CNB 4:16:01:48 4:16:23:18 TFL

GUA 4:16:01:48 4:16:23:18

CRO 4:16:01:48 4:16:23:18

CNB 4:16:23:18 4:16:56:18 Mce

GUA 4:16:23:18 4:16:56:18

CRO 4:16:23:18 4:16:56:18

CNB 4:16:56:18 hel7:11:18 Intercept

(No data taken)

MAD 4:23:50:06 5:07:30:06 TET

EDA 4:23:50:06 5:04:30:06

AsC 4:23:50:06 5:07:30:06

ANT 5:04:30:06 5:12:30:06

GST 5:07:30:06 5:15:30:06

HAW 5:07:30:06 5:15:30:06

GUA 5:12:30:06 5:19:30:06

CRO 5:15:30:06 5:19:30:06

CNB 5:15:30:06 5:20:30:06 Mce

CRO 5:20:30:06 5123:30:06
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TABLE III.- TRACKING STATIONS VIEW PERIODS - Continued

Acquisition Termination
Station geeets, geeate, Event
dayshr:min:sec day shr:min:sec
MAD 5123330306 6:03:30:06
AsC 6:03:30:06 6:06:30:06
ANT 6:06:30:06 6:09:30:06
GST 6:09:30:06 6:13:30:06
GUA : 6:13:30:06 6:16:30:06
CNB 6:16:30:06 6:19:30:06
CRO 6:19:30:06 6:22:30:06
MAD 6:22:30:06 7:02:30:06 McC
Asc T:02:30:06 T:07:30:06
ANT 7:05:30:06 T:09:30:06
GST 7:09:30:06 T:1h4:30:06
GUA T:14:30:06 7:17:30:06
CNB T:17:30:06 7:20:30:06
CRO 7:20:30:06 7:23:30:06
MAD 7:23:30:06 8:03:30:06
ASC 8:03:30:06 8:07:30:06
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TABLE III.- TRACKING STATIONS VIEW PERIODS - Concluded

Acquisition Termination
Station geeete, ge.eote, Event

day:hr:min:sec day:hr:min:sec
MAD 8:07:30:06 8:09:30:06
ANT 8:09:30:06 8:13:30;06
GST 8:13:30:06 8:17:30:06
CNB 8:17:30:06 8:20:30:06
GUA 8:20:30:06 8:22:30:06
MAD 8:22:30:06 9:01:50:06
GuUA 9:01:50:06 9:02:30:06
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Figure 1,- Local RSS position uncertainty in earth parking orbit.
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3 o velocity uncertainties, fps
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Figure 2.- Local RSS velocity uncertainty in earth parking orbit.
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APPENDIX

COVARIANCE MATRICES

TABLE A-I.- 1-c0 COVARIANCE MATRICES

Format for Covariance Matrices

o o}
Xy X%
o o
Yy yz
o
ZZ

g °
XX

g e
¥X

g °

Oee
XX

O’ L]
2y

gee

gee

o °
Xz

g °
Yz

g °
ZZ

gee
X2z

gee
Yz

o..
ZZ

. The coordinate system for the covariance matrices is as follows:

x is in the direction of the vehicles radius vector from the
reference body (earth or moon) at the time of the event.

y is in the vehicle's orbital plane about the reference body

in the direction of the vehicle motion and is orthogonal to x.

righthanded, rectangular Cartesian coordinate system.

second, respectively.

is orthogonal to both x and y such that (x,y,z)forms a

The units for position and velocity are feet and feet per
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